Abstract: Artocarpus hirsutus Lam., one of the species of Artocarpus, is not well studied. The present study is intended to isolate the chemical constituents present in stem wood extract of A. hirsutus, to synthesize their new derivatives and to evaluate their activity against Propionibacterium acnes. Three major flavonoids, cudraflavone A, cycloartocarpin and artocarpin were isolated from the stem wood extract and cudraflavone A was isolated for the first time from this plant. New prenyl ether and acetate derivatives of isolated flavonoids have been synthesized. This is the first to report on the evaluation of in vitro anti-acne potential of crude extracts, isolated flavonoids and their new synthetic derivatives. The crude extracts (MIC values 2, 4 and 15.6 μg/mL) and the isolated constituents (MIC values 2, 0.5 and 0.25 μg/mL) showed significant in vitro anti-acne activity against P. acnes which was comparable with commercially available anti-acne agent, tea tree, oil and a standard antibiotic, Clindamycin (MIC 0.03 μg/mL) indicating their potential as antiacne agents.
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PUBLIC INTEREST STATEMENT
Acne is one of the major skin diseases that are visualized prominently at the age groups 14-20 years. It is recommended to treat acne at their early stages before they form the wounds or further worsen which leads to depression. Despite commercial viability of topical and oral medications in controlling acne, it is significant to discover precise drug molecules possessing better potency, minimal toxicity and capable of specific delivery onto disease site. Medications derived from phytochemicals are becoming reliable due to their safety, tolerability and efficacy. Due to the medicinal value of Artocarpus species, this study is intended to isolate the chemical components present in stem wood extract of A. hirsutus, to synthesize new derivatives and to evaluate their anti-acne potential. Among the isolated compounds, cudraflavone A, cycloartocarpin and artocarpin showed significant in vitro anti-acne activity comparable with commercially available anti-acne agent tea tree oil and standard antibiotic, Clindamycin.
Introduction
Artocarpus hirsutus Lam. plant grows mostly in India, especially in heavy rainfall area of Western Ghat, Kerala and is commonly used as a traditional medicine. It belongs to Moraceae family; studies on other species of this family are well documented (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) apart from this plant. Recent few reports (17) (18) (19) emphasize the importance of this species and thus it needs to be explored more precisely. Pharmacological studies on bark, root, leaf and fruit extracts have demonstrated their importance as antioxidant agents, as well as their efficacies on diuretic, antibacterial, anti-fungal and antiulcer activity (19, 20) . Despite its medicinal values, except our recent report (21) there are no other studies on anti-acne potential of its crude extracts, its isolated chemical constituents or their synthetic derivatives. Acne vulgaris, commonly known as acne, one of the major skin diseases caused by the gram-positive bacteria Propionibacterium acnes (P. acne), appear on human skin as bumps and believed to occur by blockage of skin pores with oils and dead skin cells. Acne vulgaries are visualized prominently at the age groups 14-20 years with extravagant circulation of androgens resulting in enhancement of sebum secretion, a critical inducer in pathogenesis of acne (22) . The present study is thus focused to evaluate the in vitro anti-acne potential of crude extracts of leaf, stem bark and stem wood of A. hirsutus. In addition, it is also aimed for the isolation of active components from the extracts, the synthesis of new prenyl ether and acetate derivatives of the actives and evaluation of their in vitro anti-acne potential.
Results and discussion

Chemistry
The stem wood powder of A. hirsutus was refluxed with 9 volume of ethanol for 6 h, filtered and dried. It was further soaked with 10 volume of water, stirred at RT for 4 h and filtered to obtain water-soluble and water-insoluble fractions. The MIC of the water-insoluble fraction was found to be better than water-soluble fraction. Thus, water-insoluble fraction was further purified and isolated three flavonoids and characterized as cudraflavone A (1), cycloartocarpin (2) and artocarpin (3) (Figure 1) , respectively, from their spectroscopic analysis. The purity of compounds 2 and 3 were analysed by HPLC (Supplementary data: Figures S17-S18). The analytical data of compounds 1, 2 and 3 were comparable with the reported values (23) (24) (25) .
Acetates
Acetate derivatives are reported to be as active pro-drugs and release drug molecules by hydrolysis, thereby reduce the toxicity as well as enhance the bioactivity of the drugs (26) . Cudraflavone A acetate (4), cycloartocarpin acetate (5) and artocarpin diacetate (6) ( Figure 2 ) were prepared by acetylation of compound 1, 2 and 3, respectively. New acetate derivatives 4 and 5 were characterized from their respective spectroscopic analysis. H NMR spectrum clearly indicated that despite the presence of two phenolic hydroxyl groups in compound 1; only one phenolic OH was derivatized. The disappearance of signal at δ 10.5 ppm (4′-OH) as well as the presence of chelated phenolic hydroxyl signal at δ 12.9 ppm (5′-OH) indicated that phenolic OH at position 4′ was acetylated and 5-OH was remained unchanged. It was also observed that the signals of 6′, 5′ and 3′ protons in acetate derivative, 4 were shifted downfield by ~0.2 to 0.3 ppm compared to the parent compound 1 ( Table 1 ). The change in chemical shifts clearly demonstrated that 4′-phenolic OH in compound 4 was acetylated. This result is in good agreement with the reported analytical data of acetate derivative of artocarpin (27) . 
Prenyl ethers
Structural modification of lead natural products is found to be the useful technique to enhance the bioactivity of parent molecules (30) . Prenyl ether analogues were reported to possess better bioactivity than their parent compounds (31) . Besides acetate derivatives, new prenyl ether analogues 7 and 8 of the major flavonoids; cycloartocarpin (2) and artocarpin (3) were synthesized to examine their efficacy on anti-acne activity. The prenylation reaction was performed by treating compounds 2 and 3 with 3,3-dimethyl allyl bromide in presence of potassium carbonate in acetone. Both prenyl ethers 7 and 8 ( Figure 3 ) were characterized from their respective spectroscopic analysis.
Prenylation of cycloartocarpin (2) H NMR spectrum. It was found that signal of 5-OH at δ 13.74 (s, 1H) was remained unaltered, whereas both signals of 4′-OH and 2′-OH were disappeared and thus 4′-OH and 2′-OH were prenylated to afford diprenyl compound 8. The prenylation at 4′-OH and 2′-OH was further confirmed from its HMBC spectrum. In HMBC spectrum (Supplementary data: Figures S22-S24 ) of compound 8, the signal of chelated phenolic OH at position 5 (δ 13.74) showed a cross peak with δ 159.2 (C-5), however no cross peak was observed with C-5 (δ 159.2) and methylene protons of prenyl groups (either at δ 4.56 or at δ 4.50). Whereas two prenyl methylene protons at δ 4.56 and δ 4.50 showed the cross peaks with C-4′ (δ 161.9) and C-2′ (δ 157.8), respectively. Simultaneously, the cross peaks of C-4′ (δ 161.9) and C-2′ (δ 157.8) with H-6′ (δ 7.23) also represent their correlations. Thus, HMBC spectrum of compound 8 confirms that both prenylation occurred in phenolic OH at positions 2′ and 4′ and not at position 5. The characteristic carbon signals in 13 C NMR spectrum also assigned the structure. HRMS showed m/z peak at 573.32172 It was noticed that phenolic hydroxyl group at position 5 (5-OH) could not be derivatized (as evidenced by 1 H NMR and HMBC spectra as well as positive FeCl 3 test with reddish green colouration) either by acetylation or by prenylation even at 60°C, whereas other phenolic hydroxyl groups (2′-OH and 4′-OH) were derivatized readily at room temperature. This could be due to the hydrogen bonding of 5-OH with C-4 carbonyl together with steric interference owing to its flanked position in between C-4 carbonyl and C-6 side chain functionality, which might have played the crucial role to restrain 5-OH from derivatization.
Anti-acne activity
In vitro antibacterial assay was determined by well diffusion method using Reinforced Clostridial Agar M154 (RCA) media under anaerobic conditions. All ethanolic extracts of leaf, stem bark and stem wood of A. hirsutus exhibited significant anti-acne activity and comparable with tea tree oil ( Figure 4 ).
The minimum inhibitory concentration (MIC) of the crude extracts, isolated flavonoids, acetate and prenyl ether derivatives as well as formulated creams were determined by broth micro dilution method. Ethanolic extract of stem wood (MIC = 2 μg/mL) showed 2 and 8-fold more potent against P. acnes than stem bark (MIC = 4 μg/mL) and leaf (MIC = 15.6 μg/mL) extracts, respectively. We aimed on further purification of ethanolic stem wood extract after immobilizing it with water. Two distinct fractions (water-soluble and water-insoluble) were separately collected and examined for their anti-acne activity. In vitro anti-acne potential of water-insoluble fraction (MIC = 1 μg/mL) was found to be 16-fold more potent than water-soluble fraction (MIC = 16 μg/mL). Compounds 1, 2 and 3 isolated from water-insoluble fraction exhibited significantly higher anti-acne activity with MIC values 2, 0.25 and 0.5 μg/mL, respectively ( Figure 5 ). In vitro anti-acne activities of synthetic prenyl ethers and acetates were determined against P. acnes and showed poor activity even up to 100 mg/mL concentration ( Table 2) . Isolated compounds were dissolved in DMSO, whereas the derivatives were dissolved in ethyl acetate owing to their better solubility compared to other solvents. Reduced anti-acne activity of these derivatives may be due to the inability of active compounds to mobilize into the aqueous phase under the experimental condition.
The cream (o/w type) formulations containing artocarpin (2) and cycloartocarpin (3) were prepared in three different concentrations (0.1, 0.5 and 1.0% w/w). The creams containing artocarpin (0.5 and 1.0% w/w) exhibited significantly better P. acnes activity (Table 3 ) compared to cycloartocarpin creams with same composition but the MIC of cycloartocarpin cream could not be determined precisely as it separated out in different phases on dilution with water and thus the erroneous result of cycloartocarpin is not reported herein.
Conclusion
Water insoluble fraction of stem wood extract of the plant A. hirsutus provided three major flavonoids, cudraflavone A (1), cycloartocarpin (2) and artocarpin (3) and to the best of our knowledge, cudraflavone A (1) was isolated for the first time from this plant. Acetates of compounds 1, 2 and prenyl ether derivatives of compounds 2, 3 have been synthesized for the first time. All new molecules were characterized from their spectroscopic analysis. This study is the first to report on the evaluation of in vitro anti-acne potential of crude extracts, isolated constituents 1, 2 and 3, and their new synthetic derivatives. It was revealed that new acetates and prenyl ether derivatives possessed almost negligible activity against P. acnes with respect to their parent molecules. The reduced antiacne activity of synthesized new derivatives may be due to the inability of active compounds to mobilize into the aqueous phase under the experimental condition. The crude extracts (MIC values 2, 4 and 15.6 μg/mL) and isolated flavonoids 1, 2 and 3 (MIC values 2, 0.25 and 0.5 μg/mL, respectively) exhibited significant in vitro anti-acne activity against P. acnes and the results were comparable with commercially available anti-acne agent, tree tea oil (Table 2 ) and a standard antibiotic, Clindamycin (MIC 0.03 μg/mL) ( Figure 5 ). Further studies on compounds 1, 2 and 3 are recommended to determine their commercial application as anti-acne agent for human health benefit. 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on a VARIAN NMR spectrometer. Chemical shifts (δ values) are reported in ppm (parts per million) with respect to TMS as internal 
Experimental
General experimental procedures
Collection of plant material
Fresh samples of leaf, stem bark and stem wood of A. hirsutus were collected from Udupi district, Karnataka, India during the month of January 2014 and were authenticated by Dr. M. D. Rajanna (Professor, Botanical Garden, University of Agricultural Science, GKVK, Bangalore, India). The sample voucher was kept in herbarium (RD/HAR-AH/10, 11 and 12). The plant parts were cut into small pieces and dried under shade. The dried materials were pulverized to coarse powder and stored in air tight containers.
Extraction and purification
The leaf, stem bark and stem wood powders (3 kg each) of A. hirsutus were refluxed separately with ethanol (w/v ratio 1:10) for 6 h. The ethanolic extracts were filtered and dried completely under vacuum to obtain leaf extract (LE), 120 g; stem bark extract (SBE), 138 g and stem wood extract (SWE), 175 g. All samples were stored separately in air tight containers.
The ethanolic stem wood extract (150 g) of A. hirsutus (SWE) was soaked with 10 volume of water and stirred at room temperature for 4 h and filtered to separate both water-soluble and water-insoluble fractions. Water-insoluble fraction was further purified and isolated compounds 1, 2 and 3. The water-insoluble fraction of stem wood extract (SWWIF) was subjected to silica gel (60-120 mesh) column chromatography. Elution with chloroform:acetone (1:0-1:1) provided five fractions. Similar fractions were combined and concentrated under reduced pressure. Fractions 1 and 2 provided an oily material in very small quantity and could not be studied further. Material resulted from fraction 3 was crystallized with chloroform to yield compound 1 (400 mg) as brown amorphous powder. Crystallization of fraction 4 with chloroform: methanol (1:1) afforded compound 2 (1 g) as yellow powder. Fraction 5 was purified over silica gel and the desired portion was collected and recrystallized with chloroform to obtain compound 3 (2 g) as yellow crystalline powder.
Preparation of acetate and prenyl ether derivatives
Acetate derivatives of compounds 1, 2 and 3
The acetate derivatives of isolated compounds 1, 2 and 3 were prepared by following reported method (32) . In brief, each compound (1 mmol) was dissolved in acetic anhydride (2 mL) and then potassium carbonate (1.2 mmol) was added. The reaction mixture was stirred at room temperature for 20 h and then diluted with ethyl acetate (50 mL). Ethyl acetate layer was washed with saturated NaHCO 3 solution (20 mL × 1), water (20 mL × 2) and brine solution (20 mL × 1), respectively. The organic layer was separated, dried over Na 2 SO 4 , filtered and concentrated to afford acetate derivatives 4, 5 and 6 (Figure 2) respectively.
Prenyl ether derivatives of compounds 2 and 3
The prenyl ether derivatives of compounds 2 and 3 were prepared by following known literature procedure (33) . In brief, each compound (1 mmol) was dissolved in 5 mL of acetone and potassium carbonate (1.1 mmol) was added. The reaction mixture was stirred at 0-10°C for 30 min. To this solution, 3,3-dimethyl allyl bromide (1.1 mmol) was added drop wise under stirring at 0-10°C. After completion of addition, the reaction mixture was stirred at room temperature for 4 h and then diluted with ethyl acetate (50 mL). Ethyl acetate layer was washed with cold 1 N HCl solution (20 mL × 1), water (20 mL × 2) and brine solution (20 mL × 1) respectively. The organic layer was separated, dried over Na 2 SO 4 , filtered and concentrated to provide 4′-O-prenyl ether derivative 7 and 2′,4′-di-O-prenyl ether derivative 8 respectively (Figure 3 ).
Analytical data
Cudraflavone A (1)
Brown amorphous powder; yield 0.013%; mp 261-263°C; TLC R f 0.8 (chloroform:methanol, 9.5:0.5); 
Cycloartocarpin (2)
Pale yellow powder; yield 0.033%; mp 253-255°C; TLC R f 0.66 (9.5:0.5; chloroform:methanol); HPLC purity 99% ( Figure S17 ). 
Artocarpin (3)
Yellow crystalline powder, yield 0.066%; mp 160-162°C; TLC R f 0.35 (chloroform:methanol, 9.5:0.5); HPLC purity 96% ( Figure S18 ). (Figures S13-S16 ).
Cudraflavone A acetate (4)
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Cycloartocarpin acetate (5)
4′O-Prenyl cycloartocarpin (7)
2′,4′-Di-O-prenyl artocarpin (8)
Yellowish
Formulation of compounds 2 and 3
Creams (o/w type emulsion) with varying concentrations of compounds 2 and 3 (0.1, 0.5 and 1.0% w/w) were prepared as follows: The cream base was prepared by adding phase A containing arlacel 165, cetyl alcohol, Imex IN3, cresmer EW, Capric caprylic triglycerides, Kokum butter and Tinogard TT into the phase B containing tetrasodium EDTA and biopol U10 in water, at 75-80°C on water bath slowly stirring and homogenized at 10,000 rpm. Once the cream base was prepared, the temperature was reduced to 40-45°C. AMP 95 solution in Demineralized (DM) Water, Compounds 2/3 solution in propylene glycol, Xiameter PMX3021, Neolone PE, Vitamin E acetate and perfume were added slowly one by one and homogenized. Finally, the creams were transferred in tubes, sealed and labelled.
